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Force Human Resources Laboratory (AFSC), Wright-Patterson ~Air
Force Base, Ohio 45433. Mr. H. Anthony Baran was the Contract
Monitor for the Laboratory.

This report has been reviewed by the Information Office (OI) and is
releasable to the National Technical Information Service (NTIS). At
NTIS, it will be available to the general public, including foreign
nations.

This technical report has been reviewed and is approved for publication.
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Advanced Systems Division
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SUMMARY

This report is Volume II of AFHRL-TR-78-2 which describes
a reliability and maintainability (R&M) model developed to facilitate
the performance of design vs. cost trade-offs within the systems
acquisition process. The model can provide timely visibility to rela-
tionships between system design and support requirements and a means
of using them to avoid unnecessarily high system operation and mainte-
nance cost. Stand-alone operation permits the user to assess potential
impacts of design reliability factors on system support factors and
operaticnal availability. However, the R&M model was also designed
to function as part of a modeling system which includes a training re-
quirements analysis model and a system cost model. Joint operation
provides the capability of translating the design impact assessments
into estimates of the consequent cost of system operation and mainte-
nance and, ultimately, that of performing design vs. cost trade-offs.

The R&M model operates in conjunction with a computerized
data bank containing historical reliability and maintenance data
gathered from operational systems. This data is made relevant to
new systems by factoring the historical data on the basis of system/
subsystem comparability analyses. Inputs to the R&M model include:
the frequency of maintenance actions by subsystem and line replace-
able unit (LLRU) for both aircraft and support equipment (SE); and
data concerning the task events within each maintenance action such
as type, probability of occurrence, time to complete, manpower
type and skill requirements, and SE requirements. The model uses
these inputs to compute the manhour resources, SE, and spares
consumed, by task event, to satisiy the maintenance requirements
of each subsystem and its LRUs for both flight line and shop actions.
Outputs are displayed in matrix format.

Capable of extremely rapid operation, the R&M model affords
the user a powerful tool for answering a multitude of "what if"
questions concerning the implications of system design on support
requirements. Its speed facilitates iterative application and should
promote trade-off analyses early in the design process when cost
avoidance actions are most effective. This operational speed stems
from the fact that, unlike simulation models sometimes used in this
type of analysis, the R&M model does not attempt to account for peak
loads, saturations, queues, or other nonlinear constraints that exist
in the actual maintenance environment. Rather, it is an average
value model which uses estimates of maintenance task and equipment
R&M factor values to compute the average expected values for
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resource requirements. Additionally, a figure of merit concept is
employed to aggregate the detailed data outputs and generate
structured data products which allow comparisons to be made and
high resource consumers to be identified on either an LRU, sub-
system, or system basis. An example of such a figure of merit is
maintenance manhours per 1000 flight hours.

Apart from its ability to facilitate sensitivity and trade-off
analyses, the R&M model can aid the user in determining the most
acceptable means of avoiding undesirable potential impacts which it
has identified, By comparing alternative cause and result situations,
trade-off analyses can be employed in a more investigative manner.
This entails an iterative model application to determine the
differential effects on projected support resource requirements
obtainable by changing combinations of R&M parameters. An
example of such a trade-off might be the cost to achieve an
increased subsystem reliability versus that to obtain a reduced
flight line troubleshooting time. The user can determine the various
combinations of reliability improvement and reduced flight line
troubleshooting time to achieve a specified reduction in support
resource requirements for that subsystem. These values would be
inputted to training and cost portions of the modeling system to
assist in evaluating alternatives on a total cost of ownership basis,

The initial application of the R&M model is directed at the
determination of the potential impacts of the digital avionics infor-
mation system (DAIS) on system support personnel requirements
and life cycle cost. Results will be contained in a later technical
report within the series of which this is a member. The model is,
however, applicable in the development of almost any new system
as well as the evaluation of existing systems.

This volume provides a complete guide to the operation of
the R&M model in the stand alone mode. It describes the features
and structure of the model, its input data requirements, its logical
operations, and its output reports. It provides instructions and the
format for preparing input data and for selecting output options.
Sample output reports are also provided for each option that can be
selected, A listing and description of potential error messages are
included in the appendix, as well as a listing of the computer program.
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PREFACE

This report is one of a series ot technical reports, models,
and data banks produced under contract no. F33615-75-C-5218,
"DAIS Life Cycle Costing Study.' Results of this study, in
combination with the present Air Force capabilities provide the
means to assess the life cycle cost impact of the operational
implementation of the Digital Avionics Information System (DAIS).

The study was directed by the Advanced Systems Division,
Air Force Human Resources Laboratory, Wright-Patterson Air
Force Base, Ohio, and is documented under Work Unit 20510001,
""DAIS Life Cycle Costing Study.' It was performed under Air Force
Avionics Laboratory Program Element 63243F, ''Digital Avionics
Information System, ' as Project 2051. Project 2051, "Impact of
the DAIS on Life Cycle Costs," is jointly sponsored by the Air
Force Human Resources Laboratory, the Air Force Avionics
Laboratory, and Air Force Logistics Command. Contract funds
were provided by the Air Force Avionics Laboratory. The DAIS
Program Manager is Lt. Col. Robert A. Dessert. The Air Force
Human Resources Laboratory Project Scientist is Mr. H. Anthony
Baran. The Air Force Logistics Command project otficer is Capt.
Ronald Hahn. The latter two are DAIS deputy directors. The
Contractor Program Manager is Mr. John C. Goclowski.
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DIGITAL AVIONICS INFORMATION SYSTEM (DAIS):
RELIABILITY AND MAINTAINABILITY MODEL USERS GUIDE

T INTRODUCTION

The reliability and maintainability (R&M) model, in conjunc-
tion with a cost model and a training model, make up a life cycle
cost impact model (LCCIM). The R&M model is an analytical type
batch process model that computes unique outputs based on a given
set of values for R&M input variables. These inputs pertain to
avionics subsystems and their line replaceable units (LRU). The
principal data input elements consist of average times to complete
maintenance task events, the associated probabilities of occurrence
of those events, and the frequency of the equipment maintenance,
Other R&M inputs include the type of task event; the number, type,
and skill level of each manpower specialty needed to perform the
task event; and the support equipment required.

The computed outputs of this model are "expected values"
since they are based on average input values rather than on peak
demands, or other constraints, such as queuing or the nonlinearities
inherent in a "real world" type of simulation model. These outputs
are principally measures of the maintenance manhour resource re-
quirements which may be expected to result under a given set of
conditions. These conditions are determined by system variables such
as equipment configuration, equipment design, and/or the system
support maintenance concept. The particulars of these conditions are
made available to the model in terms of the R&M input variables
previously described.

Main Features

The R&M model is available in Fortran IV language for both
the Honeywell H-6000 and Control Data Corporation CDC-6600
Cyber 74 computers. It is characterized by the following:

e Unlimited flexibility in the representation of the avionics
equipment structure

e Similarly structured output reports for all output
parameters

e Selection for analysis of a single subsystem, all sub-
Systems, or a categorical group of subsystems

e Automatic output of short summary reports, optional
output of complete reports.

9




General Description

The primary purpose of the R&M model is to provide data
input to the LCCIM cost model and training model. However, in a
Stand-alone operation, this model provides a means for analyzing
the R&M impact of various avionics design and support concept
parameters. It employs a figure of merit (FOM) concept to
aggregate the data and then to make comparisons of resources
required on a total system, subsystem, or LRU basis and to identify
"high drivers'" or problem areas of high resource requirements.
FOM analyses within the model may address, for example, mainte-
nance manhours per 1000 flight hours (measures maintenance man-
hour resource requirements) and service availability (measures the
impact of maintenance on operational availability). The basic para-
meters used to calculate the FOMs for each subsystem, broken out
for each shop and flight line maintenance task event, are;

e Probability of occurrence

e Average time to complete the event
e Air Force specialty and skill level
e Support equipment

The maintenance action rate for each subsystem is input as mean
flight hours between maintenance actions.

By making reasonable variations in any of the foregoing input
parameters, the model can be used to note the effect on the various
outputs. In this way, the R&M model can be used to conduct
sensitivity and trade-off analyses. Thus, after high driver items are
identified in terms of resource requirements, combinations of R&M
parameters can be perturbed to determine the system sensitivities.
Alternatives for achieving reduction in the resources required can
thus be identified.

Data Structure

The data represented in the R&M model are structured in
matrix form permitting all outputs to be displayed in similar fashion.
The data elements in each row of an output report convey information
(such as mean time to repair (MTTR)) for each maintenance task
event leading to a particular outcome that results from a mainte-
nance action. The columns convey the same information for a
selected maintenance task event.
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A maintenance action is defined as any subsystem mal-
function that results in a series of maintenance task events, These
events are those principal tasks necessary to restore the subsystem
to operational readiness and to accomplish any necessary repairs of
removed LRUs. The maintenance task events consist of one or more
maintenance functions or major tasks (e.g., adjust, align, calibrate,
troubleshoot, inspect, operate, remove/install, repair, service,
etc.). Each flight line maintenance task event and each shop mainte-
nance task event are defined in Appendix A under FLIGHT LINE
TASKS and SHOP TASKS, respectively. If further explanation of the
terms maintenance action and maintenance event are desired, they
are explained in detail in volume one of this report.

II. MODEL LOGIC

This section describes the computer program used to
implement the R&M model. It will provide the analyst with an in-
depth view of the workings of the program.

Model Input

Initially, data are read into computer storage from the R&M
data base files. Detailed descriptions for each input data element
contained on the records that constitute the base files are included
in Appendix A. These data files are part of an integrated data bank.
Verification of the input data for accuracy or completeness can only
be made by a comparison of the input data with its raw data source,
However, the program is capable of generating certain error
messages. Appendix B provides a list of them. Other data problems
will result in an immediate halt of the program, usually following a
message from the computer system. The input card which caused
this type of problem will normally be the last one displayed on the
computer printout.

Calculations

The main body of the R&M model generates two matrices
plus an additional matrix for each Air Force specialty code (AFSC)
of interest. A support equipment (SE) maintenance requirements
matrix is also generated. These matrices represent the following:

e MTTR - mean time to repair for each shop and flight line
maintenance event is defined and calculated as follows:
the probability of occurrence of the task event, given that

11




there is a failure, multiplied by the maintenance event
task time. It should be noted that the maintenance event
task time used as the input for this computation is the
actual average time it takes to accomplish the event
based on historical data; i.e., the input is the mean
time to repair per task event without considering the
probability of occurrence.

e MMH - maintenance manhours for each shop and flight
line task event. This is calculated as MTTR multiplied
by the total number of AFSCs required for the event.

e SE maintenance - for each shop test station a matrix is
set up to give values for the MTTR, MMH, MMH/1000
FH, and MTTR/1000 FH consumed in test drawer and test
station repair for each LRU tested. The ready time of the
test station per 1000 operating hours of test time is also

calculated in the model.
e For each AFSC designated for analysis, another matrix

is set up that displays the MMH/1000 FH consumed for
each LRU and subsystem that is maintained. These
values are then multiplied by a constant cost factor to
show the manhour cost per 1000 flight hours.

Once the single task event/single outcome elements of each matrix
have been computed, the program totals across maintenance events
(columns) and outcomes (rows) to complete the matrix. These
matrices are intermediate products which are the basis for a series
of user selected output options.

The flight line inherent availability (A) of each subsystem is
also talculated within the model by dividing the mean flight hours
between maintenance actions (MFHBMA) by the total of the MFHBMA

and the flight line MTTR. This calculation can also be represented as:

3 1
" 1T+ (MTTR)(PMA)

1 ,
MFHBMA

A

where PMA =

or the probability of a maintenance action (PMA) per flight hour.

The service flight line availability for the avionics system is
then calculated within the model as the product of all of the irherent
subsystem availabilities.

e N o
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Model Output

Subsystem inherent flight line availability is a mandatory
output, as is the listing of the input data files which precedes it, All
other outputs are user selected as described in Section 1V.

Except for the MTTR and MMH matrices (including .the
MMH/1000 FH required for user selected AFSCs), the remainder of
the output is calculated when selected. To display the MTTR as per-
cent of total, each matrix element is divided by one one-hundredth of
the total MTTR for that subsystem. MMH as a percent of total is
computed in the same manner. MMH per 1000 flight hours (FH) is
calculated by dividing each matrix element by one one-thousandth of
the MFHBMA. Maintenance index (defined as the MTTR per 1000 FH)

is each element of the MTTR matrix divided by one one-thousandth of
the MFHBMA, also.

Most outputs can be summed over a group of subsystems for
examination at a higher level of aggregation.

Program Flow Chart

The basic flow of execution of the R&M model is shown in
Figure 1.
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Figure 1

Summary flow chart of the R&M model
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oI. EXAMPLE RUN

Subsequent sections describe the input forms and output
reports of the model. To facilitate this description, an example run
has been constructed and is used to illustrate the ways in which the
data are input to the model and results displayed on output reports.

The example run consists of an avionics system containing
six subsysystems and 14 LRUs. The arrangement of these items in
the equipment hierarchy structure for the system is shown in

Figure 2. Dashed line boxes represent equipment not represented in
the example run,

All of the input data for the example run are given in the
sample input data in the next section. The sample data are generally
similar to the type of data prepared for operational use of the model.
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IV, INPUT FORMATS

Data File Formats

The operation of the R&M model requires that a variety of
special input cards be prepared which precisely describe the equip-
ment being analyzed and its logistics support system. There are 13
record card formats. Each contains a particular category of data.
A detailed description of the input data elements contained in each
field of the individual record cards is included in Appendix A.

The input record card formats, each of which is identified
by a two-character code in columns 1 and 2, are described on the
following pages. Tables which immediately follow the card type
descriptions provide a listing of the data elements contained on each
card along with their field format. Each of the tables is preceded by

a figure illustrating the input data cards necessary for execution of
the example run.

Two cards must precede the input deck. The first card
contains the data base title. The second card must contain the
number of subsystems to be described punched in columns 1 and 2.
(In the example run, which contains six subsystems, a "06'" is
provided on the second card preceding the input deck.) Each card
type must have at least one card for every subsystem/LRU that is
input in the cross reference file, The present program allows a

number of cards for subsystems and LRUs of 40 and 120, respec-
tively.




Card Type CR - Cross Reference File

The first card type designates the equipment hierarchy
structure. This structure is illustrated in Figure 2. The data used
in this cross reference file is allocated to two cards noted as a -1
or -2 in column 12, the card sequence column. The second card is
a continuation of the first and, when used, contains specific
additional information.

CR card number 1 gives the equipment identification (ID)
number, LRU weight in pounds, work unit code (WUC), quantity
per aircraft (QPA), and the name of the subsystem or LRU. The
subsystem CR card also gives the number of LRUs it contains,
whereas the LRU CR card gives the number of SRUs that the LRU
contains. Card number 2 contains the LRU national stock number
(NSN), the AN/nomenclature of the subsystem and LRU, and the
manufacturer's part number for the subsystem and LRU. There
must be a #1 card for each subsystem and for each LRU, but a #2
card is not mandatory. As pertinent data required by the #2 card
are available, they can be used to provide additional identification
or reference information. Each card group begins with a subsystem
card and is followed by the cards describing the LRUs which belong
to it. The formats for CR cards 1 and 2 are shown in Tables la and
1b, respectively, and are further described in Appendix A.

A printout of the cards used for the example run are shown
in Figure 3. The 06 in columns 1 and 2.of the second card is the
"number of subsystems.'' Note that the same card format is used
for both subsystems and LRUs.
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Table 1a

Field Format of Data Elements Cross Reference File — Card No. 1

3 Decimal

1 Column  Title Length Type* Justification** Placement
El
} 1-2 Card Type - CR 2 A F -
g 3 Blank 1 - - -
4 Aircraft System 1 A F -
5 Major System 1 A F -
6 Functional Group 1 A F -
7 Organizational Function 1 N F -
8 Subsystem 1 N F -
9 Line Replaceable Unit (LRU) 1 X F -
10 Shop Replaceable Unit (SRU) 1 N F -
1" Dash 1 X F -
12 Card Sequence — 1 1 N F -
13 Blank 1 - - -
14 - 18 LRU Weight—in Ilbs (col. 17 is a decimal) 5 N R 1
: 19 Blank 1 - - -
, 20 - 24 Work Unit Code 5 X F -
4 25 Blank 1 - - -
26 - 27 Quantity per Aircraft (QPA) 2 N R -
28 Blank 1 - - -
29 - 68 Equipment Name 40 A L -
69 - 74 Blank 6 - - -
75 - 76 No. of LRUs in the Subsystem 2 N R -

. or SRUs per LRU
] 77 - 80 Blank

F
|
|
|

*A = alpha, N = numeric, X = alpha/numeric
**F = fixed, R = right, L = left




Table T
Cross Reference File — Card No. 2

Decimal
Column  Title Length Type* Justification** Placement
1+-2 Card Type CR 2 A F -
3 Blank 1 - o= e
4 Aircraft System 1 A F -
5 Major System 1 A F -
6 Functional Group 1 A F b
7 Orgsnizational Function 1 N F -
8 Subsystam 1 N F o
9 Line Replaceable Unit 1 N [ o
10 Shop Replaceable Unit 1 N F i
1n Dash 1 X F -
12 Card Sequence — 2 1 N F s
13 - 19 Blank 7 = - £
20 - 24 Work Unit Code 5 X F -
25 Blank 1 - - B
26 - 27 Dual Cognizance Code 2 X F -
28 Material Contrnl Code 1 X F -
29 Dash 1 X F —
30 - 33 Federal Supply Classification (NSN) 4 N F -
34 Dash 1 X F =
35 - 36 Country Code (NSN) 2 N F -
37 Blank 1 - - =
38 - 40 Federal Item ID No. (NSN) 3 N F =
41 Dash 1 X F -
42 - 45 Federal Item ID No. cont. (NSN) 4 N F -
46 Dash (only when suffix is added) 1 X F -
47 - 48  Special Material ID Code (NSN Suffix) 2 A F -
49 Blank 1 - - -
50 - 52T AN/ 3 X F —
63 - 55 AN/No. Alpha Code 3 A F -
56 Dash 1 X F -
67 - 59 AN/No. Numeric Code 3 N R -
60 - 61 AN/No. Alpha Suffix Code 2 A L -
62 - 64 Blank 1 - - .
65 - 80 Manufacturers Stock Number 15 N R —

*A = alpha, N = numeric, X = alpha/numeric
**f = fixed, R = right, L = left
T for LRU part number left justify from column 50 |

21
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Card Type SF - Support Equipment - Flight Line File

The flight line support equipment cards (SF) identify for the
model what special support equipment is needed on the flight line to
perform each maintenance task event. One or more SF cards must
be supplied for each subsystem, in the format specified in Table 2
and further described in Appendix A.

These cards may be in any order, but placing them in the
same order as the CR cards is recommended for more efficient pro-
gram operation and for ease of editing. If more than one item of
support equipment is required for any flight line task event(s) for a
particular subsystem, an additional card is used, identifying the
additional support equipment in the same field of the second card.
Columns 1-11 of the two cards should be the same, with column 12
set at "'2" for the second card and "3" for a third. Only the first card
of the group requires an entry in columns 56-57, which conveys the
total cards for the equipment. If there is only one card, a zero or a
one or a blank may be used. The current version of the program
allows a maximum of three pieces of support equipment per mainte-
nance event. The cards used for the example run are listed in
Figure 4.

ID# A ¥ CND R M VR VM

SF AC310 -1 D60 D60 D60 D60 D60 D60 D60
SF  AC320 -1 D60 D60 D60 D60 D60 D60 D60
SF AC330 -1 D60 D60 D60 D60 D60 D60 D60
SF  AN11G -1 D60 D60 D60 D60 D60 D60 D60
SF AN120 -1 D60 D60 D60 D60 D60 D60 D60
SF AN130 -1 D60 D60 D60 D60 D60 D60 D60

Figure 4. Printout of SF cards for the example run
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Table 2
Support Equipment — Flight Line File

Decimal

Column  Title Length Type' _ustification** Placement

1-2 Card Type — SF 2 A F -

3 Blank 1 — - -

4 Aircraft System 1 A F -

5 Major System 1 A F -

6 Functional Group 1! A F -

7 Operational Function 1 N F -

8 Subsystem 1 N F -

9 Line Replaceable Unit 1 X F —

10 Shop Replaceable Unit 1 N F -

1 Dash 1 X F -

12 Card Sequence 1 N F —

13 Blank 1 - - -

14 - 18 (A) Set Up Support Equipment (SE) 5 N L -

19 Blank 1 - — -

20 - 24 (T) Troubleshooting SE 5 N L -

25 Blank 1 - - -

26 - 30 (C) Cannot Duplicate Discrepancy SE 5 N L - |
3 Blank 1 - - - f
32 - 36 (R) SE to Remove & Replace (R&R) 5 N L = |
37 Blank 1 - - - (
38 - 42 (M) On Aircraft (A/C) Maint. SE 5 N L - |
43 Blank 1 - = s

44 - (VR) R&R Verification SE 5 N L -

49 Blank 1 - — -

50 - (VM) On A/C Maint. Verif. SE 5 N L -

565 Blank 1 - - - |
56 - 57 Maximum No. of SE Per Task 2 N R - ‘
58 - 80 Blank 23 - - -

*A = alpha, N = numeric, X = alpha/numeric
**F = fixed, R = right, L = left
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Card Type LF - Air Force Specialty - Flight Line File

The flight line Air Force specialty (LF) cards identify the
manpower by specialty type and skill level that is needed to
accomplish each maintenance task event. One or more LF cards !
must be supplied for each subsystem and should be organized in
the same order as the CR cards for more efficient program
operation and ease of editing. The current version of the program
allows assigning up to five Air Force specialty codes (AFSCs) per
task event per equipment. Table 3 gives the card format which is
further described in Appendix A. The cards for the example run
are listed in Figure 5.

ID# A T CND R M VR VM # ;
LF AC310 -1 43171 32833 32853 32833 32853 32853 32853 2 ;
LF AC310 -2 42153 32833 32833 ;
LF AC320 -1 43171 32833 32853 32833 32853 32853 32853 2 1,
LF AC320 -2 42153 32833 32833 t
LF AC330 -1 43171 32833 32853 32833 32853 32853 32853 2 A
LF AC330 -2 42153 32833 32833 32833 32833 E
LF AN110 -1 43171 32831 32851 32831 32851 32851 32851 2 i
LF AN110 -2 42153 32831 32831
LF AN120 -1 43171 32831 32851 32831 32851 32851 32851 2 ,
LF AN120 -2 42153 32831 32831 4
LF AN130 -1 43171 32831 32851 32831 32851 32851 32851 2 2
LF AN130 -2 42153 32831 32831 32831 32831 .

Figure 5. Printout of LF cards for the example run
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Table 3

Air Force Specialty — Flight Line File

Title

Card Type — LF

Blank

Aircraft Sytem

Major System

Functional Group

Operational Function

Subsystem

Line Replaceable Unit

Shop Replaceable Unit

Dash

Card Sequence

Blank

(A) AFSC to Set Up Support Equipment
Blank

(T) Troubleshooting AFSC

Blank

(C) Cannot Duplicate Discrepancy AFSC
Blank

(R) AFSC to Remove & Replace (R&R)
Blank

(M) On Aircraft (A/C) Maint. AFSC
Blank

(VR) R&R Verification AFSC

Blank

(VM) On A/C Maint. Verif. AFSC
Blank

Maximum No. of AFSCs Per Task
Blank

Length

8Ndmdm-d°|-lm-lm—lm-lm-i-d-l-l-d-d-l-l-a-l-lﬂ

*A = alpha, N = numeric, X = alpha/numeric
**F = fixed, R = right, L = left

Decimal

Type® Justification** Placement

>

2 X Z2 X 22 >» >» >

F

T M M M MM T T

- TR TRT U SRR




i Card Type LS - Air Force Specialty - Shop File

The shop Air Force specialty (LS) cards, like the flight line
LF cards, identify the manpower needed to perform the associated
shop tasks. One or more LS cards must be supplied for each LRU

accounted for by the CR cards. These cards may be in any order,
but placing them in the same order as the CR cards is recommended
for more efficient program operation and for ease of editing. The
’ format is found in Table 4 and is further described in Appendix A.
‘ A printout of the cards used for the example run are listed in
Figure 6.
ID# ) K N TD IS #
3 LS A€311 =1 32850 32850 32850 32654 3265A 2
: LS AC311 =2 32830 3263A 3263A
LS A€3t2 -1 32850 32850 2
LS AC312 -2 32830
LS AC321 -1 32850 32850 32850 3265A 3265A 2
LS AC321 -2 32830 3263A 3263A
LS AC322 -1 32850 32850 3265A 3265A 2
LS AC322 -2 3263A 3263A
LS AC323 -1 32850 32850 3265A 3265A 2
LS AC323 -2 3263A 3263A
LS AC331 -1 32850 32850 3265A 3265A 2
LS AC331 -2 32830 3263A 3263A
LS AC332 -1 32850 32850 3265A 3265A 2
LS AC332 -2 32830 3263A 3263A
LS AC333 -1 32850 32850 3265A 32654 2
LS AC333 -2 32830 3263A 3263A
LS AC334 -1 32850 32850 2
LS AC334 -2 32830
LS AN111 -1 32651 3265B 3265B 2
LS AN111 =2 3263B 3265B
LS AN121 -1 32850 32850 32850 3265A 3265A 2
LS AN121 =2 32830 3263A 3263A
LS AN122 -1 32850 3265A 32654 2
LS AN122 -2 3263A 3263A
LS AN131 =1 32850 32850 32850 3265A 3265A 2
LS AN131 -2 32830 3263A 3263A
LS AN132 -1 32850 1

Figure 6. Printout of LS cards for the example run
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Air Force Specialty — Shop File

Title

Card Type - LS

Blank

Aircraft System

Major System

Functional Group

Organizational Function
Subsystem

Line Replaceable Unit

Shop Replaceable Unit

Dash

Card Sequence

Blank

(W) Bench Check & Repair AFSC
Blank

(K) Bench Check & CND AFSC
Blank

(N) Bench Check & NRTS AFSC
Blank

(TD) Test Drawer Repair AFSC
Blank

(TS) Test Station Repair AFSC
Blank

Maximum No. of AFSCs Per Task
Blank

Table 4

Length

N = O =@ N N = = oad o e oed e ed o o= N

-
w

N = O =2 O

17

*A - alpha, N = numeric, X = alpha/numeric

**F = fixed, R = right, L = left
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average time per worker that it takes to accomplish the associated
task event. For each LRU, one card of type TS is required to input

Card Type TS - Task Time - Shop File

The shop task time (TS) cards provide the model with the

the shop task event times., These cards may be in any order, but
placing them in the same order as the CR cards is recommended

for more efficient program operation and for ease of editing. The
card format is found in Table 5 and is further described in
Appendix A. The cards used for the example run are listed in

Figure 7. The time is input in tenths of an hour; e.g., 50 equals

5.0 hours.

ID#
IS AC311 =1
TS AC312 -1
TS AC321 -1
TS AC322 -1
TS AC323 -1
TS AC331 -1
TS AC332 -1
TS AC333 =1
TS AC334 -1
TS AN111 -1
TS AN121 -1
TS AN122 -1
TS AN131 =1
TS AN132 -1

Figure 7.

ek et

W K
28 14
25
50 14
08
59 :
31 28
45
25 14
15
33 11
11 07

Printout of the TS cards for the example run

28

N

14
10
13
10
07

35

06
08
20
05
17
02

TS
50

50
50
50
50
50
50

50
50
50
50
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Task Time — Shop File

Title

Card Type — TS

Blank

Weapon System

Major System

Functional Group

Operational Function
Subsystem

Line Replaceable Unit

Shop Replaceable Unit

Dash

Card Sequence

Blank

(W) Bench Check & Repair Time
Blank

(K) Bench Check & CND Time
Blank

(N) Bench Check & NRTS Time
Blank

(TD) Test Drawer Repair Time
Blank

(TS) Test Station Repair Time
Blank

Table 5

-
BMAOIwm-am-amq-.....-_..........N

*A = alpha, N = numeric, X = alpha/numeric
**F = fixed, R = right, L = left

2 x 2 xXx 22 >» >» » |
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Card Type TF - Task Time - Flight Line File

The flight line task time (TF) cards, like the TS cards,
provide the average time, by subsystem, to accomplish the flight
line maintenance task events. One card must be provided for each
subsystem and organized in the same order as the CR cards for
efficient program operation and ease of editing. The card format
is provided in Table 6 and further described in Appendix A. The
cards used for the example run are listed in Figure 8.

ID#

AC310
AC320
AC330
AN110
AN120
AN130

Figure 8. Printout of TF cards for example run




Table 6
Task Time — Flight Line File

Decimal
Title Length Type* Justification** Placement

N

Card Type — TF A F
Blank

Aircraft System
Major System

Functional Group

Operational Function

Subsystem

Line Replaceable Unit

Shop Replaceable Unit

Dash

Card Sequence

Blank

(A) Time to Set Up Support Equipment
Blank

(T) Troubleshooting Time

Blank

(C) Cannot Duplicate Discrepancy Time
Blank

(R) Time to Remove & Replace (R&R)
Blank

(M) On Aircraft (A/C) Maint. Time
Blank

(VR) R&R Verification Time

Blank

(VM) On A/C Maintenance Verif. Time
Blank

© O N OO S W -

-
o

—

et
2 X 2 X 22 >» » »
™ N MMM NN

I®¥E8 32BN

«
&

»
N

a8&8R288BYR

.
8 g
gmdmﬂmumdmdm_ﬁmdd-ﬁd-ﬁd-ﬁaa.a-nN

*A = alpha, N = numeric, X = alpha/numeric
**F = fixed, R = right, L = left




Card Type PF - Probability - Flight Line File

The flight line probability (PF) cards provide the probability

of occurrence of each flight line maintenance task event. One card
of type PF is required for each subsystem. They may be in any
order, but placing them in the same order as the CR cards is
recommended for more efficient program operation and for ease
of editing. The card format is provided in Table 7 and further
described in Appendix A. A printout of the cards used in the
example run are shown in Figure 9,

PF
PF
ER
B
Be
PE

ID#

AC310
AC320
AC330
AN110
AN120
AN130

-1
-1
-1
-1
-1
-1

Figure 9.

A

10000
10000
10000
10000
10000
10000

Printout of the PF cards for the example run

)

8800
8700
9300
8600
9600
9200

CND

1200
1300
0700
1400
0400
0800

5280
7569
2790
6280
8256
6624

32

M

3520
1131
6510
2320
1344
2576

VR

5280
7569
2790
6280
8256
6624

VR

3520
1131
6510
2320
1344
2576



Table 7

P Probability — Flight Line File

Decimal
Column  Title Length Type* Justification** Plagement
-2 Card Type — PF
Blank
Aircraft System
Major System

>

F -

2

1

1

1

Functional Group 1

Operational Function 1

Subsystem 1

Line Replaceable Unit 1

Shop Replaceable Unit 1

Dash 1

Card Sequence 1

Blank 1

- 18 Pp — Set Up Support Equipment 5
Blank 1 - - -

5

1

5

1

5

1

5

1

5

1

5

®w o N OO, L W -

-
(=3

-
-
2 X 2 X 2 2 >» »r >

NN YN ARNANTN AN
|

P
s W N

- 24 Pt — Troubleshoot

Blank

- 30 Pc — Cannot Duplicate Discrepancy
Blank

- 36 PR — Remove & Replace (R&R)

Blank

- 42 Ppm — On Aircraft (A/C) Maintenance
Blank

- 48 PVR — R&R Verification

Blank

PVpm — On A/C Maintenance Verification
Blank 26 - - -

F82ERAEBYRRLBEB

g8 g

*A = alpha, N = numeric, X = alpha/numeric
**F = fixed, R = right, L = left




Card Type PS - Probability - Shop File

The shop probability (PS) cards, like the P cards, provide
the probability of occurrence of each maintenance task event per-
formed on each LRU received in the shop. One card must be provided
for each LRU, preferably in the same order as the CR cards to
simplify editing and make program operation more efficient. The
card format is listed in Table 8 and further described in Appendix A.
A printout of the cards used in the example run are shown in

Figure 10,
ID# W K N D TS
PS AC311 =1 1126 0423 1971 0317 0188
PS AC312 -1 0880 0880
PS AC321 =1 6790 0295 0295 1993 0168
PS AC322 -1 0076 0009 0020 0003
' PS ACI23 -1 0052 0052 0016 0002
i PS AC331 -1 0272 0189 0125 0105
A PS AC332 -1 0216 0438 0124 0017
: PS AC333 -1 0623 0166 0213 0018
PS AC33L4 -1 0443 0443
PS ANT11 -1 6280 1319 0115
i PS AN121 =1 7228 0318 0397 2145 0181
PS AN122 -1 0313 0059 0008
- PS  AN131 =1 5503 0842 0129 1748 0148
ﬁ PS  AN132 -1 0150

Figure 10. Printout of the PS cards used for the example run

!
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N

Column

W 0O N s W =

- e -
N - O

28589882 ¥BI

N

- 19

- 49

P Probability — Shop File

Title

Card Type — PS

Blank

Aircraft System

Major System

Functional Group
Organizational Function
Subsystem

Line Replaceable Unit

Shop Replaceable Unit

Dash

Card Sequence

Blank

Pw — Bench Check & Repair
Blank

Pk — Bench Check & RTOK
Blank

PN — Bench Check & NRTS
Blank

PTD — Test Drawer Repair
Blank

Pts — Test Station Repair
Blank

Table 8

Length

-
gm-mum-m-mq.-...._-............n

*A = alpha, N = numeric, X = alpha/numeric
**F = fixed, R = right, L = left

Decimal

Type* Justification** Placement..

A

2 x 2 X 2. PP

F

b B R B R (B S R R A |




Card Type SS - Support Equipment - Shop File

The shop support equipment (SS) cards identify for the model
which test station(s) and what drawer number within the station will
be used to test each LRU received by the shop for maintenance. The
SS card can also be used to list test equipment that would be used to
maintain the test station. The current maximum number of test
stations per LRU that the model will recognize is two. When a
second station is necessary, the data are assigned to a second card
with a -2 sequence. At least one card must be assigned to each LRU,
preferably in the same order as the CR cards for more efficient
program operation an ! to simplify editing, The format is provided
in Table 9 and further described in Appendix A. A printout of the
cards used for the example run are shown in Figure 11.

ID# W K K TD# TD TS
SS - AL A prs DTS DIrs Q12 DTS
SS AC312 -1 013

88 KCI2Y <1 CNITM CNITM CNITM 014 CNITM
SS  AC322 -1 CNITM CNITM 015 CNITM
85 % RC3I%3 ) CNITM CNITM 016 CNITM
S - AC331 -1 CNITM CNITM 017 CNITM
S . AC332 1 CNITM CNITM 018 CNITM
8% AC333 < CNITM CNITM 019 CNITM
SS AC334 -1 020

88 AN111 <1 CMPTS 027 CMPTS
SS AN121 -1 CNITM CNITM CNITM 028 CNITM
SS AN122 -1 CNITM 029 CNITM
88 AN131 -1 CNITM CNITM CNITM 030 CNITM
SS AN132 -1 031

Figure 11. Printout of SS cards for the example run
i
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Table 9

Support Equipment (SE) — Shop File

Decimal
Column  Title Length Type* Justification** Placement

-2  Card Type — SS A F a5 3
Blank
Aircraft System

Major System

1
|
1

Functional Group
Operational Function
Subsystem
Line Replaceabie Unit
Shop Replaceable Unit
Dash
Card Sequence

- 19 Blank

- 24 (W) SE to Bench Check & Repair
Blank

- 30 (K) SE to Bench Check & CND
Blank

- 36 (N) SE to Bench Check & NRTS
Blank

- 40 Test Drawer Number

- 49 Blank

- 54 (TD) SE Test Station Under Repair
Blank

- 60 (TS) SE to Check Out Test Station
Blank

62 - 63 Maximum No. of SE Per Task

64 - 80 Blank

W 0N s W -

-
o

—
e
2 X Z X 2 PP

N M W P meenan N
1

-
N

23 882LYLLI¥BA
N = N = N O W = N = U = U N = o N = e o ok o o o N
|
|
1

-
~
|

I

)

*A = alpha, N = numeric, X = alpha/numeric
**F = fixed, R = right, L = left
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Card Type MF - Reliability Mean Values - Flight Line File

The flight line reliability mean value (MF) cards contain the
mean flight hours between maintenance actions (MFHBMA) for each
subsystem. An ""H" factor showing the ratio of flight line LRU
removals to shop receipts is also provided. The H factor values are
input as an additive value greater than unity, and the program adds
a one to this value. A further explanation of the H factor is provided
in Appendix A for this card type.

There must be one MF card for every subsystem. They may
be in any order, but placing them in the same order as the CR cards
is recommended for more efficient program operation and for ease
of editing. The format is found in Table 10 and further described in
Appendix A. A printout of the cards used for the example run are
shown in Figure 12. (Note: The example shows zero filled "H"
factor' values, but the program does not require this data entry.)

ID# MFHBMA H.FACTOR
MF AC310 -1 404.6 0.0000
MF AC320 -1 62.9 0.0000
MF AC330 -1 328.1 0.0000
MF AN110 -1 1031.9 0.0000
MF AN120 -1 62.9 0.0000
MF AN130 -1 232.9 0.0000

Figure 12. Printout of the MF cards used for the example run
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e

Column
1-2
3
4
5
6
7
8
9

10

n

12

13

14 - 19

20

21 - 26

27 - 80

Table 10

Reliability Mean Values — Flight Line File

Title

Card Type — MF
Blank

Aircraft System
Major System
Functional Group
Operational Function
Subsystem

Line Replaceable Unit
Shop Replaceable Unit
Dash

Card Sequence

Blank

Mean Flight Hours Between Maintenance
Actions by subsystem (column 18 is a
decimal)

Blank
H factor (column 22 is a decimal)
Blank

*A = alpha, N = numeric, X = alpha/numeric

**F = fixed, R = right, L = left

Length

Q) = o md d md ad wd md ed ed = N

Type*

A

2 X 2 X 2 2 >» » »

Justification** Placement

b S R SR A B R R B )




AFSC Cards - Air Force Specialty Code Definition

All AFSCs which were input in either an "LS" or "L F" input
card must be defined here. The first card contains the number of
AFSCs punched on the remaining cards, Each succeeding card may

contain up to six AFSCs and the respective manhour rates. The

AFSCs may be put in any order, and that ordering will be maintained
in the AFSC output. If no manhour rate is input, $1 per hour will be
used. The format is provided in Table 11. A printout of the cards
used for the example run are shown in Figure 13a.

016

32251
32632
32853
43171

32231
32850
32833

32651
32830
4ous1

32631
32851
4ou31

32652
32831
42153

Figure 13a. Printout of AFSC definition cards for example run

SE Cards - Support Equipment Definition

All support equipments which were input in either an "SF" or

""SS" input card must be defined here. The first card contains the
number of SEs punched on the remaining cards. Each succeeding

card contains up to 13 SEs. They may be put in any order, and that
ordering will be maintained in the SE output. The format is provided

in Table 12. A printout of the cards used for the example run are

shown

06
MWTS

in Figure 13b,

ARFTS CNITM DTS

ICTM

CMPTS

Figure 13b. Printout of SE definition cards for the example run
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Column  Title

(first card)

1-3 Number of AFSCs
(succeeding cards)

1 =5 AFSC

6 - 11 AFSC manhour cost
13 - 17 AFSC

18 - 23 AFSC manhour cost
25 - 29 AFSC

30 - 35 AFSC manhour cost
37 - 41 AFSC
42 - 47 AFSC manhour cost
49 - 53 AFSC

54 - 59 AFSC manhour cost
61 - 65 AFSC

66 - 71 AFSC manhour cost
72 - 80 Blank

*A = alpha, N = numeric, x = alpha/numeric

Table 11

AFSC Definition

Length

© oo OO 0O oo 0o O O O,

**F = fixed, R = right, L = left

2 2 2222222222

Type* Justification** Placement

- R W B N N




T

s s s o o

Table 12

Support Equipment Definition

Decimal
Column  Title Length Type* Justification** Placement
A
(first card)
1-2 Number of SEs 2 N R -

(succeeding cards) 1

1-5 SE 5 X L - i
7. S 5 X L 2 :
13-17 SE 5 X L -
19 - 23 SE 5 X L =
25 -29 SE 5 X L -
31-35 SE 5 X L -
37 - 41 SE 5 X L -
43 - 47 SE 5 X L -
49 - 53 SE 5 X L -
55 - 59 SE 5 X L =
61 - 65 SE 5 X L -
67 - 71 SE 5 X L -
73-77 SE 5 X L -
78 - 80 Blank 3 = L -

*A = alpha, N = numeric, X = alpha/numeric
**F = fixed, R = right, L= left




gy

Option Card Formats

Program option cards immediately follow the data file cards
of the R&M input deck. These cards are used to generate optional
outputs of the model as described below.

AFSCs and SEs of Interest

This option specifies how many Air Force specialty code
(AFSC) and support equipment (SE) reports are to be output and then
defines them. The first card contains the count and the succeeding
cards the AFSC or SE identifications. The format is provided in
Table 13. If no AFSC or SE output is desired, a zero is entered in
the first card and successive cards are omitted. To reduce the input
requirements, the words ALLAF or ALLSE may be used in place of
the AFSC or SE identifications to invoke output for all the AFSCs or
all of the SEs.

A separate output report will be generated for each AFSC
designated. Each report displays, for every subsystem requiring
that AFSC, the MMH/1000 FH required for the total shop task events
per LRU, the total flight line task events, and the total for the sub-
system. An example output matrix is shown in Figure 18. A column
of the matrix records the cost/1000 FH for each of these MMH /1000
FH outputs obtained by multiplying by the cost per MMH for that
AFSC.

A separate output report of maintenance requirements will
be generated for eacl SE designated. An example output matrix is
shown in Figure 17. Each of these reports will provide values for
(1) the Test Drawer Repair (TD REP) representing the in-shop
repair of the test station drawer (or combination of test equipment)
that is needed to test the LRU being checked, (2) the Test Station
Repair (TS REP) representing the in-shop repair of the entire test
station that is needed to test the LRU being checked and (3) their
total. These TD REP, TS REP, and total values are provided for
each of the individual LRUs tested on the particular test station
and each is given in terms of MTTR, MMH, MMH/1000 FH, and
MTTR/1000 FH.
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Column

(first card)

1

-3

Table 13

AFSC and SE Option Cards

Length

Number of AFSCs and SEs requested 3

{succeeding cards)

1
7
13
19

5

1
17
23

25 - 29
- 35
37 - a1
43 - 47
49 - 53
55 - 59
- 65
67 - 71
73 - 77
78 - 80

K]

61

AFSC identification or
SE identification or
ALLAF or ALLSE

5
5
5
5
5
5
5
5
5
5
5
5
5
3

*A = alpha, N = numeric, X = alpha/numeric
**F = fixed, R = right, L = left

X X X X X X X X X X X X X

Type* Justification** Placement

ol ol ol R R TN S R e




Subsystem Data Options

r The following 13 option cards may occur in any number (or

4 may be omitted) and in any order, with duplications if desired. They
serve to call up optional output reports as described below. If none
are included, no optional reports will be output. In every case, the
subsystem name, or portion thereof, is punched in columns 1-7 and
the option number (right-justified) in columns 9-10,

Option # Title - Description

01 MTTR BY TASK PER LRU - displays mean time to repair
for each LRU within the subsystem designated. If the sub-
system field is left blank and only the option number is
specified, one report will be generated for each subsystem
and its LRUs.

02 MTTR AS % OF TOTAL - same as 01 except the values dis-
played are percentages of the total subsystem MTTR. Only
the percentages are displayed.

: 03 MMH BY TASK PER LRU - displays maintenance manhours
; for each LRU within the subsystem designated. If the sub-
system field is left blank and only the option number is
specified, one report will be generated for each subsystem
and its LRUs,

04 MMH AS % OF TOTAL - same as 03 except the values dis-
played are percentages of the total subsystem MMH, Only
the percentages are displayed.

05 MMH PER 1000 FH - displays maintenance manhours per
thousand flight hours reports for each LRU within the sub-
system designated. If the subsystem field is left blank and
only the option number is specified, one report will be

| | generated for each subsystem and its LRUs.

06 MAINT INDEX x 1000 - displays the equipment maintain-
ability index defined as MTTR per 1000 flight hours obtained
from the equation (MTTR x 1000)/MFHBMA. If the sub-
system field is left blank, one report will be generated for
each subsystem and its LRUSs.




Options 07 through 12 are similar to options 01 through 06,

respectively, with the following two exceptions which apply to each
option:

a) Only the bottom line total is given for each report rather
than itemizing by LRU

b) Rather than each report representing outcomes of main-
tenance actions for a single subsystem, each can be
stipulated to represent a summation over several sub-

systems as selected by the portion of the subsystem ID
number punched in columns 1-7,

These exceptions can be noted in the example run, whereby
"AC3" was used as the operational function group ID for options 07
through 132, All subsystems beginning with "AC3" are then used in
the summation. Any number of characters may be used as the portion
of the subsystem ID. This makes possible the selection of outputs for
any hierarchical grouping of subsystems desired. This relationship

of ID number to hierarchical order of the equipment is illustrated in
Figure 2,

Option # Title - Description

13 MTTR for All Subsystems and MMH for All Subsystems -
this option requires no entry in the subsystem field

(columns 1-7) and produces two reports summing the
MTTR and MMH for all subsystems.

Figure 14 shows the input option cards which immediately
follow the input data file cards. This set of option cards was used in

the example run to generate the sample output reports used in this
report.
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NI TR PR —————— pe—— R SRR

002
ALLAF ALLSE
13
01
AC320 02
03
AC320 04
05
06
AC3 07
AC3 08
AC3 09
AC3 10
AC3 ()
AC3 12

Figure 14. Printout of input options cards for the example run




V. OUTPUT REPORTS

Structure of the Example Run

) The R&M model is capable of providing the user with up to 16
output reports. In addition, a complete listing of the R&M input
data is printed out for verification by the user. Figure 15 is a print-
out of the data used for the example run; complete instructions for
its preparation have been provided in Section IV and Appendix A of
this volume., Figure 16 displays the first report printed when the
R&M model batch program is run. It is the ""'Subsystem Inherent
Flight Line Availability' report which displays this parameter for
all subsystems ranked by order of magnitude. This report is always
printed first and is not optionally controlled.

Samples of the support equipment (SE) matrices (Figure 17) and
AFSC matrices (Figure 18) were selected from the set requested on
the option cards previously shown in Figure 14. One report matrix
for each requested SE and AFSC is produces when the R&M model is
run, Formats for these reports are described on page 43.

Optional output reports 01 through 13 are printed next (Figures
19 through 32) in the order they were requested (Figure 14). The
format of these output reports is similarly structured. Briefly, the
first line of the report names the value computed and the terms of the
computation. The second line provides the subsystem identification
(ID) number, work unit code (WUC) in parentheses, equipment name,
and the mean flight hours between maintenance action value for the
specified subsystem. The third line provides the user with the column
headings that describe the data elements contained in the output
matrices for each maintenance event,

The column titles are:

AGE F/L setup support equipment event on the flight line
TS F/L troubleshooting eventi on the flight line
R&R remove and replace event K
VR&R verification event of removal and replacement i
CND A/C troubleshooting event on the aircraft, cannot

duplicate the discrepancy
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MA/C minor maintenance on aircraft event

VM A/C verification event, that the maintenance
performed corrected the discrepancy

SHOP bench check, test, and repair events of units
removed to the shop

TOT/OUT total per outcome

The fourth line provides the line replaceable unit (LRU), ID
number, WUC, and equipment name, which is repeated for each set
of LRU data displayed.

Descriptions of lines two and four apply only to report options
01 through 06.

The rows of data that follow these headings contain the computed

values broken out by task event for each of the following maintenance
action outcomes:

w bench check and repair outcome

K bench tested and found serviceable outcome
(no maintenance required)

N not repairable this station (NRTS) outcome which
is a return to depot for repair

SUB . subtotal for the shop tasks required for the LRU

CND cannot duplicate the discrepancy outcome

TOT/TSK total for the task

For detailed descriptions of the output reports, including equa-
tions, definitions, and example calculations the user should reference
Section IV of AFHRL-TR-78-2(I), the companion technical report to
this user's guide.
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. s . 1
t AFSC-32830 $ 1.00
]‘ MAH/KFH COST/KFH
| AC111 13,43961 13.43961
3 AC112 18.18980 18.18980
‘ AC113 3.96471 3.96471 3
AC114 6.00549 6.00549
FL 0. a.
4 AC110 41.59961 41.59961
:
, AC211 23.18182 23.18182
AC212 0.26310 0.26310
fL o. 0.
AC210 23.44492 23.44492
AC311 0.77924 0.77924
AC312 0.54375 0.54375
FL 0. 0.
AC310 1.32299 1.32299
AC321 $3.97456 $3.97456
FL 0. o.
AC320 $3.97456 $3.97456
AC33 0.25699 0.25699
AC332 0.29625 0.29625
AC333 0.47470 0.47470
AC334 0.20253 0.20283
&L 0. 0.
AC330 1.23048 1.23048
ACLTI 1.93565 1.93565
FL 0. 0.
ACG10 1.93565 1.93565
ACS11 2.03008 2.03008
FL 0. o.
ACS10 2.03008 2.03008
AC612 0.12759 0.12759
FL 0. 0.
; AC610 0.12759 0.12759
ANY 21 37.92114 37.92114
FL 0. o.
AN120 37.92114 37.92114
ANT3 1 2.59910 2.59910
' FL 0. 0.
AN130 2.59910 2.59910
N
AN211 39.04779 39.04779 ‘
FL 0. 0. i
i A v
AN210 39.04779 39.04779 J
F
TOTAL 205.23391 205.23391 |
!
i
|
Figure 18, Sample manpower report !
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Appendix A. DESCRIPTION OF INPUT DATA ELEMENTS

KEY FIELDS - Columns 1-11 are used as the key fields, and
therefore, the format is common to all the card types.

Columns Identifier - Definition
1-3 Card Type - (1) indicates the type of data to be found on

the record, and (2) indicates whether they reflect flight
line, shop, or reference data

CR - cross reference
LF - AFSC with skill level - F/L
LS - AFSC with skill level - shop
MF - reliability mean values - ¥ /L
PF - P probability - F/L

PS - P probability - shop

3 SF - support equipment - F/L

4 SS - support equipment - shop
TF - task time - F/L
TS - task time - shop

4-10 Equipment Identification (ID) Number - defines the equip-
ment in a series of codes showing as follows: (4) type of
weapon system; (5) major system within the weapon
system; (6) functional grouping of the major system; and
(7-10) a numerical breakdown by operational function
(e.g., radar navigation, radio navigation, or bombing b
navigation), subsystem, line replaceable unit, and shop
replaceable unit. These codes are determined by the user f
since they are configuration dependent. The codes used in
the DAIS data banks are listed in Appendix A to volume .
one of this report. Example of data card encoding |
format used in DAIS R&M model for equipment |
specifications:

Column 4 - weapon system 3
none assigned in DAIS data banks
Column 5 - major system
A - avionics |
Column 6 - functional group i
A - air-ground-attack
C - comimunications
I - instruments
M ~ miscellaneous
N - navigation
Z - core
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Columns

Identifier

11-12

Definition

Column 7 - operational function
Column 8 - subsystem

Column 9 - line replaceable unit
Column 10 - shop replaceable unit

none assigned in DAIS data banks

Card Sequence - the sequential number of each record for

a particular subsystem or line replaceable unit within a
particular card type.

FLIGHT LINE TASKS - Common to LF, PF, SF, and TF card types.

(Task

Columns Code)
1-12

14-18 (A)
20-24 (T)
26-30 ({C)
32-36 (R)
38-42 (M)

Task Name - Definition
See key fields

Set up the support equipment and maintenance

stands - that will be used by the technician to
provide the power and the accessibility
necessary to troubleshoot and repair the
equipment that has failed.

Troubleshoot - the reported discrepancy to
isolate the cause and to determine whether

the repair action is to be a remove and replace
or the repair can be accomplished on the air-
craft.

Cannot Duplicate - a troubleshooting action
that cannot duplicate (CND) the reported
discrepancy.

Remove & Replace - once the discrepancy has
been isolated to a particular LRU and a
determination has been made that the repair is
to be made in the shop, the faulty unit is
removed and replaced by a spare.

On A/C Maintenance - if the discrepancy is
minor and does not need shop repair, the
equipment is maintained on the aircraft (A/C).
This includes, as examples, adjustments,
replacement of bulbs, knobs, fuses, and air-
craft wiring problems.

70

—




(Task
Columns Code)

Task Name - Definition

44-48 (VR)

50-54 (V)

R&R Verification - after the removal and
replacement of the faulty LRU is completed,
a functional check is performed to verify the
operational condition of the subsystem.

On A/C Maintenance Verification - upon
completion of any on aircraft maintenance, a
functional check is performed to verify the
repair and operational condition of the sub-
system.

SHOP TASKS - Common to LS, SS, PS, and TS card types.

1-12
20-24 (W)
26-30 (K)
32-36 (N)
50-54 (TD)
56-60 (TS)

See key fields

Bench Check & Repair - in-shop bench check
and complete repair of a bad LRU, including
cleaning, inspection, disassembly, adjust-
ment, part replacement, reassembly, and
lubrication of the complete LRU and any minor
components.

Bench Check & CND - in-shop bench check is
performed, any discrepancy cannot be duplica-
ted in the testing, the LRU is serviceable, and
no repair is required.

Bench Check & NRTS - in~-shop bench check or
inspection shows that the LRU is not repairable
this station (NRTS) because the shop is not
authorized to accomplish the repair or the shop
lacks the proper tools, equipment, facilities,
technical skills, spare parts, time, or techni-
cal data to perform repair.

Test Drawer Repair - in-shop repair of the test
station drawer (or combination of test equip-
ment) that ie needed to test the LRU being
checked.

Test Station Repair - in-shop repair of the

entire test station that 1s needed to test the
LRU being checked.
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CROSS REFERENCE FILE - Card #1

Columns

Identifier - Definition

1-9
11-12
14-18
20-24

36-27

20-6%

75-76

See key field
Card sequence always - 1
Weight - in pounds of the LRU.

(WUC) work unit code used to identify each subsystem and
LRU in the aircraft system (found on cards #1 and 2).

(QPA) the quantity per aircraft of a particular subsystem
or LRU in the aircraft system (found on cards #1 and 2).

Equipment name or description of the operational function
assigned to a subsystem or LRU.

The number of LRUs in the subsystem for which input data
has been provided, and the number of SRUs per LRU on
LRU input cards. Input data are provided for those LRUs
requiring a significant amount of unscheduled maintenance.

CROSS REFERENCE FILE - Card #2

1-9
11-12
20-24

26-48
50-59

65-80

See key field
Card sequence always -~ 2

(WUC) - work unit code used to identify each subsystem
and LRU in the aircraft system

(NSN) - national stock number assigned to the LRU

il\l/nomenclature of the particular subsystem or LRU
described on card #1

Manufacturer's Stock Number - when available

RELIABILITY MEAN VALUES - Flight Line

1-12
14-19

See key field

Mean flight hours between maintenance actions -
(MFHBMAj) shows the frequency of unscheduled mainte-
nance activities required by a subsystem (j).




Columns

Identifier - Definition

21-26

H factor - is the ratio of the number of ILRUs tested in
the shop to the number of flight line removal actions;
only the value greater than unity of the ratio is input
whereby the model automatically adds the integer "1"
to the given value. The resultant portion that is
greater than one accounts for any mulitple LRU re-
movals resulting from single flight line repair actions
(i.e., two or more LLRUs removed for one reported
aircraft maintenance action). This factor is used as a
multiplier of the shop probability of occurrences to
obtain the actual number of shop maintenance actions
eminating from flight line removal(s).
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Appendix B. ERROR MESSAGES

The following is a list of input error messages which are
printed by the R&M model. The messages are described and the
attributable cause or causes are listed.

Invalid Option

The user has selected an option outside the range of 1 to 13.
The option number might not be punched properly in column 9 and 10.

Current Max Subsystems at 40

User has exceeded the program's present capacity for sub-
system data input. The first card in front of the base data files
contains the number of subsystems to be described. The maximum
allowed is 40. The number punched in columns 1 and 2 does not fall
within this range.

Preceding Subsystem Card Sequence Error

The subsystem listed just prior to this message has an error
in the card sequence number, or the card type identification is
invalid. The sequence number should be one in column 12 and the

card type should be CR in columns 1 and 2.

Card where Card Belongs

This message appears whenever the program reads a card
other than the type it expected to read. It specifies in the blanks the
two card types involved. Either a card(s) is misplaced in the base
data files, or one or more errors were made in punching the
identification type(s), or when a card is missing.

Card Sequence Error

Some card types may allow for more than one card per
equipment. In these cases, the second card must have a '2' punched
in the ""card sequence' field in column 12, In all cases, the first or
only card for an equipment must have a 'l' in this field. This error
indicates a card sequencing problem that could be caused by an
omission of a card 1, a mispunch in columns 1-11, or a card out of

sequence.
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Subsystem Equip ID Invalid

The CR cards designate the subsystem identification which
consists of seven characters (columns 4-10) describing the equip-
ment. All other card types refer to the identification as first listed
in the CR card. This message declares that the subsystem identifica-
tion on the card last printed did not match any which were previously
entered on CR cards.

Current Max SEs Set at

Though the model is designed to accept several support
equipments for each task, currently the maximum is set at three for
the SF cards and at two for the SS cards. The user must discard the
remaining support equipments for this task or the computer program
must be modified to accept a higher limit.

Current Max AFSCs Set at

Though the model is designed to accept several AFSCs for
each task, currently the maximum is set at five. The user must
discard the remaining AFSCs for this task or modify the computer
program to accept a higher limit,

[nvalid Equipment ID

For the subsystems (equipment) with more than one card for
any card type, the equipment ID on successive cards within that set
must match that of the first. This message points out a viclation on
the preceding card.

LRU Equipment ID Invalid

Each LRU is identified by a unique seven-character designa-
tion which must be initially inputted to the program on a CR card.
Any other input card type pertaining to that LRU must contain this
same identification., This message indicates that either: (1) the last
printed LRU card contained an identification for which the program
has no previous CR card record; or (2) a mismatch exists.
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A

AC
AlcC
AFSC
AN
CDC
CND
CR
DAIS
FH
F/L
FOM
ID
KFH
LCC
LCCIM
LF
LRU
LS
MF
MFHBMA
MMH
MTTR
NRTS
NSN
P
PMA
PS
QPA
R&M
R&R
RTOK
SE

SF
SRU
SS

TF

TS
wuc

Appendix C - ACRONYMS

inherent availability

avionics communication subsystems
aircraft

Air Force specialty code

avionics navigation subsystems

Control Data Corporation

cannot duplicate the discrepancy

cross reference file

digital avionics information system
flight hours

flight line

figure of merit

identification number of a subsystem on an LRU
1000 flight hours

life cycle cost

life cycle cost impact model

manpower specialty - flight line file
line replaceable unit

manpower specialty - shop file
reliability mean values - flight line file
mean flight hours between maintenance actions
maintenance man hours

mean time to repair

not repairable this station

national stock number

P probability - flight line file
probability of a maintenance action

P probability - shop file

quantity per aircraft

reliability and maintainability

remove and replace maintenance action
retest okay

support equipment

support equipment - flight line file
shop replaceable unit

support equipment - shop file

task time - flight line file

task time - shop file

work unit code
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Appendix D

DAIS RELIABILITY AND MAINTAINABILITY MODEL
(File Name RANDM)

Listing of Control Data Corporation CDC-6600, Cyber 74 Version
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